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Abstract. An important aspect of the calibration of the Cherenkov Telescope Array is the pointing, which enables an exact align-
ment of each telescope and therefore allows to transform a position in the sky to a point in the plane of the Cherenkov camera
and vice versa. The favoured approach for the pointing calibration of the medium size telescopes (MST) is the installation of an
optical CCD-camera in the dish of the telescope that captures the position of the Cherenkov camera and of the stars in the night
sky simultaneously during data taking. The adaption of this approach is presented in this proceeding.
INTRODUCTION
The Cherenkov Telescope Array (CTA) is the next generation gamma-ray observatory which is presently in a pre-
construction phase. As an array of Imaging Atmospheric Cherenkov Telescopes (IACT) it makes use of the fact that
very-high-energy (VHE) photons induce particle showers in the Earth’s atmosphere. The shower particles move faster
than the local speed of light and emit Cherenkov light. This light can be collected by large mirror dishes and imaged
to a dedicated Cherenkov camera.
The pointing of an IACT describes the exact direction the telescope is pointed to and therefore also the trans-
formation of a point in the image plane of the Cherenkov camera to a position in the sky. Precise knowledge of the
pointing of each telescope in an array is important for the calculation of the original direction of an air shower. In
order to determine the pointing, one does not solely rely on the mechanics and the tracking system of the telescope,
which can be affected by imprecision. Some mechanical effects, like bending of telescope components by gravity or
wind loads, can lead to mis-pointing, i.e. the real pointing differs from the expected pointing. The pointing of IACTs
is typically measured using optical starlight. In this proceeding, the adaption of a method for pointing calibrations of
the medium size telescopes of CTA is described.
SINGLE-CCD CONCEPT
The concept that is presented here uses one optical CCD-camera with a large field-of-view that is mounted in a
central position of the mirror dish of an IACT. This camera observes both several LEDs on the Cherenkov camera
and the night sky surrounding the latter (see Figure 1 (a)). With the captured images the position of the Cherenkov
camera relative to the dish and the alignment of the telescope can be determined. This concept has already been tested
successfully by the H.E.S.S. collaboration [1].
Another concept that is currently being investigated uses two separate cameras for these two tasks. The advan-
tages of the Single-CCD concept over this solution are, besides lower costs and complexity, reduced systematics from
transformations from one camera to another camera with the downside of reduced angular resolution.
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Figure 3.6: Left: Concept of LidCCD and SkyCCD mounted on a telescope.
Right: A single PointingCCD observes sky and Cherenkov camera simulta-
neously (Herpich 2010).
In other fields of astronomy, this pointing-problem is solved by calibrating captured
images with known positions of objects in an image. This technique is called astrometry.
It is possible for optical telescopes, but not for VHE gamma-ray astronomy because there
are only in the order of 100 sources in the whole sky. So it is very unlikely that there
are multiple strong, known sources in one typical field-of-view of a few degrees. The
pointing of IACTs is therefore measured using optical starlight, for instance. When the
real pointing is known at some di↵erent alignment directions, a mechanical model for the
mis-pointing of a telescope can be fitted, which can be used to correct the pointing. The
graphical representation of such a pointing model can be seen in Figure 3.5.
The following paragraphs give a short summary of how the pointing was measured for
previous gamma-ray telescopes.
Pointing Runs
In the HEGRA experiment (Mirzoyan et al. 1994), dedicated pointing-runs were used to
determine corrections to the pointing at certain positions in the sky-hemisphere above
the telescope. The telescope was aligned to a bright star and the sky was scanned in a
2-dimensional grid around this star until the maximum in the signal of the central PMT
pixel of the Cherenkov camera was found. In this position, the telescope was pointed
exactly in the direction of the star. The deviation between the theoretical pointing for the
star and this position of maximum current corresponded to the local pointing correction.
Standard Pointing
The H.E.S.S. experiment uses an enhancement of this method (Lennarz 2012). In
pointing-runs, bright stars are mapped onto the lid of the closed Cherenkov camera.
The image of the star is then captured by a CCD (charge-couple devices)-camera that is
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4.2 Development of a Housing
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Figure 4.3: Optimized prototype of the camera housing by Hofmann (2015).
internal temperature arises from the fact that the heat which is produced by the camera
is transferred very ine ciently out of the housing. Besides the four steel rods, the camera
is coupled thermally to the outside only over the interior air.
4.2.2 Optimization of Thermal Conductivity
P. Hofmann investigated the thermal properties of this prototype in more detail in his
bachelor thesis (Hofmann 2015). This thesis originated as a spin-o↵ of the present thesis.
The goal was to seek possibilities to improve the thermal conductivity of the housing, so
that the camera’s operating temperature is not overshot. To achieve this goal, the heat
transmission over air was replaced by heat transmission over metal as far as possible.
This was done on a successive development basis with several steps. Here, only the final
configuration is presented.
The optimized prototype is sketched in Figure 4.3. Heat sink and fans of the camera As-
pen CG8300 were demounted and replaced by two interlocking copper hollow cylinders.
One cylinder has been attached to the warm side of the Peltier element, a spot on the
camera where a lot of heat is produced. The other hollow cylinder has been connected
to the backplate of the housing. To the outer side of the backplate, a passive heat sink
has been attached, that increases the surface of the backplate and generates thermal
convection. The front and sides of the camera have been connected to the side surface
of the housing cylinder via a copper disk and three copper shoes respectively. Sixteen
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FIGURE 1. (a): Schematic view of a Cherenkov telescope with a single Pointing CCD camera mounted to the mirror dish. Both
pointing LEDs on the Cherenkov camera and stars surrounding it can be imaged. (b): Schematic view of the proposed CCD-camera
in its casing. The rigid support structure (focus fixing) and heat conducting elements (contact disk, contact shoes, cooling fins, heat
sink, and hollow cylinder) are highlighted.
Camera Hardware
The pictures are taken with an Apogee ASPEN CG8050 (electronic shutter, chip dimension 3296 × 2472 pixels, pixel
size 5.5 µm) astronomical camera. A 50 mm f/1.8 Nikkor lens allows for images with a per-pixel resolution of 22” on
the sky and a field-of-view of 20.5 × 15.5 deg2. The camera provides active chip cooling via a Peltier element. With
this technique, chip expansions during observations can be avoided which would be a critical systematic uncertainty
in the precise determination of the pointing. The camera can be read out via a stan ard Eth rnet interface.
The CCD-camera is en losed in a custom-mad casing that complies to the IP67 standard (see Figure 1 (b)). This
h using is rigidly attached to the center of the mirror dish to prevent movement of the camera relative to the dish. The
camera is also mounted inside the housing in a mechanically stiff way. The casing comprises several heat conducting
elements made from solid aluminum that transfer the heat power of the Peltier element and camera electronics to the
outside surface and the surrounding air. With this passive o ling tech ique th air temperature inside the asing can
be kept at a level that allows a save operation of the camera. This has also been tested in a laboratory setup (see Figure
2). Long term tests of the hardware under more realistic conditions are currently performed at the MST prototype in
Berlin.
Pointing Reconstruction and Tests with Simulated Images
Both simulated and real images (taken at the MST prototype telescope) are used to verify the usability of the Single-
CCD-Concept for the pointing of the MSTs.
In order to determine the pointing, the CCD-images are analyzed with the open source software astrometry.net
[2]. This software searches for stars in a given imag and identifies constellations with the help of pre-compiled index
files. With this information it sets up transformations between pixel and celestial coordinates.
Since the Cherenkov camera of the telescope will block the view to the central part of the sky in the pointing
images, the dependence of the precision of the pointing reconstruction on the size of the Cherenkov camera was
tested with simulated data (see Figure 3). For this purpose, a simulation software was developed which allows for
the creation of pointing images from a virtual MST. The investigations show that the precision is well below 1” for
a Cherenkov camera with an edge length of 3 m, which is about the size of the cameras that will be deployed at the
telescope.
The simulation was also used to find an optimal balance between aperture and exposure time. On the one hand
small apertures and short exposure times reduce effects of spot blurring and rotation of the field-of-view during the
exposure, respectively. On the other hand the star spots are also fainter and more difficult to detect, with fewer detected
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FIGURE 2. Measurement of temperatures at different locations in the camera housing. At time t = 0 h, when all parts of the
structure have environmental temperature, camera and chip cooling are switched on. At 10 h camera returns to stand by. After the
heating-up phase, the air temperature inside the casing stays well below 40◦C (the maximum operating temperature of the camera)
at an environmental temperature of ∼ 25◦C. (the maximum operating temperature defined for CTA).
stars leading to reduced precision. The assessment suggests apertures in the range of f/8 and f/11 and exposure times
between 10 s and 25 s (see Figure 4 (a)). Figure 4 (b) shows the expected precision with which the position of the
Cherenkov camera in an image can be determined during pointing measurements. The statistical uncertainty is about
7 × 10−3 CCD pixels for a simulated aperture of f/8. This translates to a precision of below 0.2” per axis i.e. ∼ 10 µm
per axis in the camera plane.
Tests at the MST Prototype
Checks of the hardware and software are currently performed at the MST prototype telescope which is located in
Berlin/Adlershof. Images during first tracking tests show that > 70 stars up to magnitudes of ∼ 7 can be detected in
a single exposure in the rather bright night sky of Berlin. Figure 5 shows such an image. It is clearly visible that a
large part of the sky is obscured by the telescope structure. The impact of this blocking on the precision of pointing
reconstructions is currently under investigation using real data from the prototype telescope.
CONCLUSION
Results from simulations and test runs at the prototype telescope show that the Single-CCD-Concept is a promising
solution for pointing measurements of the medium size telescopes of CTA. It has been proven by simulations that the
pointing of such a telescope can be reconstructed to a precision of better than 1” by applying this method. Ongoing
performance tests are needed to promote this concept to a state in which it can be used at the operational gamma-ray
observatory.
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FIGURE 3. (a): Study of the expected precision of pointing reconstructions from simulated data as a function of Cherenkov
camera size. The plot has been produced with 10000 simulated images for each camera size. Black data points represent the
median precision, black error bars the 99% containment interval. The green bars indicate the fraction of images that could be
solved correctly by astrometry.net and were used for the reconstruction. The dashed blue line highlights a precision of 1”. Bigger
camera sizes lead to an increase of the fraction of bad reconstructions (yellow bars). With a quality cut on the number of identified
stars w.r.t. the number of detected stars in an image, these can be sorted out. This separation criterion is shown in (b) for images
without an obstructing Cherenkov camera.
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FIGURE 4. (a): Median precision of pointing reconstruction for different simulated configurations of aperture and exposure time.
Black pluses indicate simulated configurations. The colored histogram is the result of an interpolation. Apertures of f/8 to f/11
together with exposure times in the range of 10-24 s allow for most precise pointing reconstructions representing an optimum
of large photon statistics and small rotation of the field-of-view and spot blurring. (b): Reconstructed position of the Cherenkov
camera center for a set of 3462 simulated images. The center was calculated from the positions of 8 symmetrically positioned
LEDs in the corners of the Cherenkov camera plane. Positions are given in units of CCD-camera pixels; each pixel translates to
about 22” on the sky. The simulated center of the camera is at (x, y) = (1648.5, 1236.5) (marked with an x).
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FIGURE 5. Image taken with the Single-CCD-camera mounted on the MST prototype. The image (a) shows the whole image with
a dummy Cherenkov camera in the center and its support structure around it in front of the dark night sky. In (b) the lower left part
of the image is magnified. Stars up to magnitudes of about 7 can be identified. The image was taken with an aperture of f/8 and an
exposure time of 20 s.
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